One clade that serves as a paradigm for understanding the evolution of animal 20 symbioses are the rove beetles (Staphylinidae), currently recognized as the most species rich 21 family in the Metazoa with >63,000 described species (Newton, 2015). Most staphylinids are 22 free-living, predatory inhabitants of litter and soil (Grimaldi & Engel, 2005;; Thayer, 2005), but 23 numerous independent lineages have evolved to live as symbionts inside social insect colonies,
become a target for selection in species that have evolved beyond a facultative association into 23 obligate social parasites. There has also been widespread evolution of new, specialized 24 abdominal glands in symbiotic species that secrete unidentified chemicals that appease or 25 otherwise influence host behavior ( Fig 1C) (Parker, 2016) . In many symbiotic groups, the 26 exposed abdomen has itself become a target for selection and remodeled into shapes that 27 mimic host ants or termites (Parker, 2016; ; Seevers, 1957; ; 1965; ; 1978) . Abdominal shape 28 evolution is manifested in the remarkable convergent evolution of the ant-like "myrmecoid" body 29 form of army-ant associated aleocharines, with a narrow waist and bulbous gaster (Fig 1D) 30 (Maruyama & Parker, 2017; ; Parker, 2016; ; Seevers, 1965) . Multiple termitophile groups display 31 a "physogastric", termite-like body shape, where a grotesquely swollen abdomen is produced by 32 post-imaginal growth of the fat body, with extensive intersegmental membrane between and anatomical elaboration (Parker, 2016; ; Seevers, 1978) .
28
The beetle elytron is a modified flight wing that has become "exoskeletalized"-29 strengthened and rigidified via heavy chitin and pigment deposition, and by the expression of 30 cuticular proteins (Tomoyasu, 2017) . In most Coleoptera, the elytra cover approximately the 31 entire abdomen and are similar in size or slightly smaller than the unfolded flight wings
32
Figure 2. Differential growth and morphogenetic stretching underlie elytron-wing size discrepancy in rove beetles. A: The Dalotia elytron is 0.13× as large as the flight wing. B, C: The elytron has sparse, large setae (B), while the wing has microtrichia, each the product of a single wing cell (C). D: Dalotia pupa, ventral side, showing large flight wings (false colored in green) cloaking the body. E: Confocal image of cuticle autofluorescence (green) of partial Dalotia pupa in dorsal view, showing elytron and partially unfurled flight wing underneath, which is ~1.8× larger than the elytron at this stage. F, G: Confocal autofluorescence (green) and Hoechst-stained nuclei (blue) in a sector of the pupal elytron (F) and flight wing (G), showing similar cell densities in these appendages. Note that in the pupa, cells in both elytron and wing produce a microtrichium (also visible in E). H: Quantification of nuclear densities in elytron and wing. Error bars are S.E.M.;; n.s. = not significant in a students t-test. 
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Halder, Kim, Hudson, & Carroll, 1998) . Elytral size reduction in staphylinids might arise from 23 similar Hox-dependent modulation of organ size, but with the size decrease occurring in the 24 mesothoracic (T2) appendage and hence under the influence of a more anterior Hox gene.
25
Counter to this idea, however, studies in Drosophila and Tribolium have shown that the dorsal 26 T2 appendage-the wing or elytron, respectively-arises independently of Hox input, since loss 27 of any of the three thoracic Hox genes does not impact its development (Struhl, 1982; ; 28 Tomoyasu et al., 2005) . We tested whether the staphylinid elytron also represents the default,
29
Hox-free appendage state. Knockdown of DcUbx by microinjecting dsRNA into late third instar 30 larvae induced a classical bithorax mutant phenotype in the resulting pupa (Fig  3A,  B) (Lewis, 31 1978) . The T3 appendage (the wing) converted to the T2 identity (elytron) (Fig  3A,  B) , and the 32 scutellum, a T2 structure, was also duplicated in T3 (Fig 3A, B) . This result confirms that 33 property with the dorsal T2 appendage of most other holometabolan insects (Struhl, 1982; ; 16 Tomoyasu, 2017; ; Tomoyasu et al., 2005) , but the ground state has itself been intrinsically 17 reprogrammed during evolution so that the elytron attains only a small size. This staphylinid-18 specific mechanism has consequences for the function of Ubx in rove beetles. For the animal to 19 develop enlarged hind wings capable of flight, Ubx must act in T3 to override the size reduction 20 inherent to the ground state (Fig  3A,  B) . Staphylinid Ubx has thus evolved to function effectively as a growth-promoting transcription factor-a novel role within the Coleoptera, and one that is opposite to its growth-repressive activity in the dipteran haltere (Crickmore & Mann, 2006 
26
Jeong, Rokas, & Carroll, 2006) , and also via evolution of the Hox protein sequences 27 themselves, via acquisition of novel transcriptional activation or repression domains (Galant & 28 Carroll, 2002; ; Ronshaugen, McGinnis, & McGinnis, 2002; ; Tour, Hittinger, & McGinnis, 2005) .
29
The opposite effects of Ubx in Dalotia and Drosophila could depend on the species-specific 30 genomic contexts in which the proteins ordinarily function. Conversely, it could stem from divergent Ubx protein sequences, which share only 52% amino acid identity between the two 32 species, conferring potentially opposite activities on transcription when bound to common loci.
To distinguish between these alternatives, we cloned DcUbx for GAL4/UAS-mediated 1 misexpression in Drosophila, and compared the effects to expressing Drosophila Ubx (DmUbx).
2
We used nubbin-GAL4 to drive transgenes in the blade territory of the wing imaginal disc, 3 temporally restricting GAL4 activity specifically to the third larval instar by using temperature evolving abdominal defense glands (Araujo, 1978; ; Dettner, 1993; ; Parker, 2017; ; Thayer, 2005) .
20
In Aleocharinae, evolution of a tergal gland on the dorsal abdomen appears to have had major 21 consequences for the subfamily's evolutionary success. The vast majority of the >16,000 22 described species, including Dalotia, comprise one clade, the so-called "higher Aleocharinae", 
27
The glandless outgroup subfamilies Tachyporinae, Trichophyinae, Phloeocharinae and
28
Habrocerinae are similarly species-poor relative to the higher Aleocharinae. Evolution of the 1 gland evolution are unknown. Likewise, the gland's genetic capacity to synthesize defensive 2 compounds, which can vary in a species-specific fashion to adapt the beetles to different 3 habitats, is a mystery. In adult Dalotia, as in most other Aleocharinae, the tergal gland appears 4 as a large, sack-like reservoir of transparent, chitinous intersegmental membrane extending 5 from the anterior edge of abdominal tergite 7 (A7) (Fig 4A) . The margin of tergite 7 projects 6 outward, forming a sclerotized cuticular shelf (Fig 4A) , which regulates the release of the 7 secretion from the reservoir. When filled, the defensive secretion has a yellow color (Fig 4A),   8 and by twisting the abdomen over the body, the gland contents can be expelled at or smeared 9 on aggressors (Araujo, 1978; ; Brand et al., 1973; ; Parker, 2016 ) (Supplemental Video S1). We 10 used gas chromatography-mass spectrometry (GC-MS) to profile Dalotia's tergal gland 11 chemistry, collecting the secretion via three different methods: dabbing filter paper onto the 12 gland opening (Fig 4B, Fig S3A) , forcing the beetle to expel the gland contents directly into 13 hexane by briefly submersing it (Fig  S3B) , and using dynamic headspace collection of volatiles
14
( Fig  S3C) . All three methods detected largely similar proportions of the same compounds: three 15 benzoquinones, responsible for the secretion's yellow color (1,4-benzoquinone, 2-methyl-1,4-16 benzoquinone and 2-methoxy-3-methyl-1,4-benzoquinone), two esters (ethyl decanoate and 17 isopropyl decanoate, the latter not detected in the headspace) and large amounts of an alkane,
18
n-undecane (Fig 4B;; Fig SS3) . The n-undecane functions as the hydrocarbon solvent for the 19 benzoquinones (Steidle & Dettner, 1993) , and the esters are probably surfactants, or wetting 20 agents, facilitating the spreading of the secretion across biological tissues (Dettner, 1984) .
21
Figure 4. Ontogeny and defensive chemistry of the Dalotia tergal gland. A: Removal of abdominal segment A7 reveals Dalotia's tergal gland reservoir: a thin bilobed sack of intersegmental membrane that contains yellow benzoquinones when filled. The anterior margin of tergite 7 is fashioned into a shelf that seals off the gland opening. B: GC-MS of the Dalotia tergal gland, with compounds corresponding to peaks listed. Asterisks denote contaminant compounds from tissue paper dabbed on the tergal gland opening;; these are absent when other methods of chemical extraction are used (See Supplemental Fig  S3) . C-E: Sagital histological sections of Dalotia pupae from 24-96 hours after puparium formation, showing the timecourse of gland development from a small invagination of cells budding from the dorsal epidermis (C), to a large folded epithelial sack (E). F: Confocal image of the dorsal internal adult abdomen of Dalotia, labeled for En protein (red), Phalloidin-stained muscle (blue) and autofluorescence (AutoF;; green). The tergal gland is prominent and sits directly underneath segments A6 and A7. The gland consists of a large, bilobed reservoir comprised of En-positive D2 secretory cells, and two clusters of large, En-negative D1 gland units. G, H: Enlarged region of F showing tergal gland organization;; boxed region is shown further enlarged in I. En protein staining (red) shows that the D2 reservoir cells express En, and hence are of P-compartment origin from segment A6;; The D1 gland unit cells do not express En, and are likely derived from the A-compartment of segment A7. I: The D1 gland units are a classical gland type consisting of a large bulb attached to a duct, which feeds into the reservoir (Araujo, 1978) . J-L: Confocal image of the dorsal internal adult abdomen of three other staphylinids, labeled for En protein (red), Phalloidin-stained muscle (blue) and autofluorescence (green). The two aleocharines Thamiaraea (J) and Gyrophaena (K) possess a tergal gland;; in contrast, Coproporus, of the outgroup subfamily Tachyporinae, is glandless (L).1 chemistry of most other free-living aleocharines studied thus far (Steidle & Dettner, 1993) . This 2 general composition likely approximates the primitive tergal gland chemistry within the 3 subfamily-one that has been augmented or substituted with novel compounds in at least some 4 social insect symbiont taxa (Stoeffler et al., 2007; ; 2013; ; Stoeffler, Tolasch, & Steidle, 2011) . We 5 explored how the gland forms developmentally. Unlike the wing and elytron, which develop primarily during the prepupal phase and appear fully grown in the pupa, we found the tergal 1 gland reservoir arises later, as an invaginating pocket of dorsal ectoderm during pupation (Fig 
2
4C-E). Using histological sections, we observed the nascent reservoir as a small cluster of cells 3 budding from the epidermis at twenty-fours hours after pupal formation ( Fig  4C) . The reservoir 4 cells subsequently proliferate over the next 48 hours, producing an extensively folded columnar 5 epithelial sack inside the body cavity (Fig 4D, E) (Araujo & Pasteels, 1985) . Tergal gland 6 reservoir development is akin to the imaginal discs of Drosophila, which invaginate from the 7 ectoderm and form an internal sack of epithelial cells that proliferate inside the body cavity 8 (Held, 2005) . Unlike the imaginal discs, however, the gland reservoir never undergoes 9 morphogenetic eversion, remaining invaginated within the abdomen.
10

Hox logic of tergal gland development and chemical biosynthesis
11
Dissecting open the dorsal adult abdomen exposes the organization and anatomy of the mature 12 gland, revealing a composite structure (Fig 4F, G) . The gland reservoir is a bilobed sack that 13 sits directly underneath A6, and associated with it are two symmetrical clusters of 6-8 large, 1993)-a terminology we follow here. The ducts of the D1 clusters feed into the D2 reservoir 20 (Araujo, 1978; ; Steidle & Dettner, 1993) , and based on their enlarged nuclei (Fig S5D, E gland for Engrailed (En) protein, which specifies P compartment identity (Morata & Lawrence, 28 1975) , reveals that all D2 gland cells label strongly for En (Fig 4F-H) . The reservoir thus 29 originates from the P compartment of segment A6. In contrast, the D1 gland units sitting behind 30 the reservoir do not label for En (Fig 4H) , indicating they likely derive from the anterior (A) 31 compartment cell population of segment A7. We explored a variety of other higher aleocharine 32 species, and found all of them to have a glandular organization similar to that of Dalotia ( Fig  4J, 
33
( Fig  S5B) , and we could also see no clear evidence of a membranous gland reservoir, implying 18 a potential role for AbdA in tergal gland specification. In AbdB knockdown animals, all 19 abdominal segments, including A7 and A8, assume an identity similar to A3-A6 (Fig S5A, C) ,
20
and again, no cuticular shelf on A7 nor membranous reservoir on A7 could be observed. Hence, 21 the morphology of A6 and A7, the gland bearing segments, are specified by a combination of both AbdA and AbdB acting together. Investigating the internal abdomen, we found that AbdA
23
RNAi completely abolished tergal gland formation, with both the D2 reservoir and D1 gland cells 24 failing to develop (Fig  5A,  B) . Nuclei of both the D1 and D2 gland cells stain positively for AbdA 25 using the antibody FP6.87, indicating that AbdA protein is active in both cell types (Fig  S5D,  E 
28
Similarly, AbdB RNAi caused total loss of tergal gland structures (Fig 5C) . We conclude that
29
AbdA and AbdB function combinatorially and non-redundantly to specify the tergal gland. Loss 30 of either Hox protein prevents gland formation (Fig 5A-C) , effectively phenocopying the glandless condition of higher aleocharine sister lineages (Fig 4L) . We therefore propose that 32 during evolution of the higher aleocharine stem lineage, AbdA and AbdB acquired novel 33 functions, which enabled them to act together in a region of overlapping expression that spans the interface between segments A6 and A7. In these neighboring segments, the two Hox 1 proteins synergistically to specify the tergal gland, but they do so via distinct outputs in abutting 2 segmental compartments (Fig 5H) . In the P compartment of A6, AbdA and AbdB produce the 3 epidermal invagination of D2 secretory cells that comprise the tergal gland reservoir. In contrast, 4 in the A compartment of segment A7, AbdA and AbdB specify the D1 gland cells (Fig  5H) .
5
Figure 5. Hox-specification of distinct gland cell types in P and A compartments confers modularity in defensive compound biosynthesis. A-C: Confocal images of the dorsal internal adult abdomen of Dalotia, labeled for En protein (red), Phalloidin-stained muscle (blue) and autofluorescence (green). A: Wild type abdomen. B: DcAbdA RNAi blocks tergal gland development, with D1 gland units and D2 reservoir missing. C: DcAbdB RNAi similarly inhibits tergal gland formation. D-F: Adult Dalotia abdomen labeled for En protein (red), Streptavidin (SA;; blue in D, magenta in separated channel in F) and autofluorescence (AutoF;; green). The D1 gland unit clusters are indicated with a dashed line in all panels. the D2 cells stain strongly for Streptavidin, but the D1 cells do not (most clear in F). Residual fat body cells attached to the D1 and D2 tissues are also Streptavidin-positive. G: HNF4 stains nuclei of D2 reservoir cells but not D1 gland unit nuclei;; note that the red spots in D1 gland units are not nuclei, but non-specific secondary antibody accumulation in the bulbs of D1 gland cells. H: Model for Hoxlogic of tergal gland development and defensive compound biosynthesis. Domains of influence of proteins DcAbdA and DcAbdB are indicated, with a region of overlap that includes the P compartment of segment A6 and A compartment of segment A7. We posit that DcAbdA and DcAbdB act combinatorially to specify different gland cell types in the A6 P compartment and A7 A compartment by acting via distinct intermediate "biosynthetic selector" proteins-transcription factors that govern expression of batteries of different downstream enzymes. In the A6 P compartment DcAbdA+AbdB act via a D2 gland cell selector to specify the D2 reservoir invagination, and expression in D2 cells of enzymes controlling fatty acid metabolism that permit biosynthesis of the alkane solvent and surfactant esters. In the A7 A compartment, DcAbdA+AbdB act via a D1 gland cell selector to specify D1 gland units, which presumably delaminate from the ectoderm, and their enzymatic capacity to synthesize benzoquinones. 
25
and fat body, but was absent from the nuclei of D1 cells (Fig  5G,  Fig  S4D-I) .
26
We propose that the D2 cells synthesize the solvent and esters by expressing enzymes 27 controlling fatty acid metabolism. In contrast, the benzoquinones are presumably synthesized by Metazoa (Kistner, 1979; ; 1982; ; Parker, 2016; ; Seevers, 1957; ; 1965) . The repeated evolution of 10 symbiosis has its putative basis in preadaptations that the vast majority of free-living species 11 possess, which predispose these beetles to engage in ecological interactions with social insects 12 (Parker, 2016) . Chief among these preadaptations are the short elytra that expose the 
16
These developmental insights provide a foundation for understanding how the anatomy and 17 chemistry of aleocharines have undergone further modification in socially symbiotic species.
18
Hox-logic of the preadaptive aleocharine groundplan
19
We suggest an evolutionary sequence in which Staphylinidae with short elytra and exposed 20 abdomens first evolved from ancestral beetles with long elytra (Fig 6A) . This step involved 21 evolutionary changes in the Hox-free ground state circuitry in T2, which reduced the size of the 22 elytron, together with corresponding regulatory changes downstream of Ubx that blocked this 23 size reduction from happening in the T3 hind wings (Fig 6B) . Further evolution of the wing 24 folding mechanism had to occur to facilitate packing of the hind wings underneath the small 25 elytra (Saito et al., 2014 ). An exposed, flexible abdomen that is unhindered by overlying elytra 26 consequently arose in Staphylinidae, without sacrificing the beetle's capacity for flight. This 27 same, basic body plan organization is shared by the majority of the 63,000 species of rove 28 beetle, and was a precondition for the evolution of abdominal chemical defense glands in a 29 variety of subfamilies (Araujo, 1978; ; Dettner, 1993; ; Thayer, 2005) . In the 16,000 species of 30 Aleocharinae, chemical defensive capacity was accomplished through the evolutionary 31 development of the tergal gland, which arose along the higher aleocharine stem lineage (Fig   32 6B ). This morphological and chemical innovation originated through the synergistic action of the 1 abdominal Hox proteins, AbdA and AbdB, in abutting P and A compartments of segments A6 2 and A7 where they specify distinct D1 and D2 glandular structures. These glands appear to 3 synthesize distinct classes of compounds, which become bioactive when mixed in the reservoir, 4 leading to total gland functionality (Fig  5H) . We note that partitioning biosynthetic processes into Figure 6 . Novel Hox functions in the evolution of the aleocharine body plan. A: Aleocharine staphylinids evolved within the Coleoptera suborder Polyphaga, from ancestors with long elytra (the scirtid Cyphon, a basal polyphagan, is depicted). The beetle elytron (blue) develops in the mesothoracic segment (T2) without Hox input, and is heavily sclerotized compared to the membranous forewings of other insects. In T3, Ubx overrides both the beetlespecific elytron program, creating membranous wings (Tomoyasu et al., 2005) . In staphylinids (B), the elytron circuit has been further modified so the appendage attains only a small size, giving the family's trademark short elytra;; concomitant changes in target genes downstream of Ubx in T3 block both the Coleoptera-specific sclerotization program and staphylinid-specific size reduction program, creating enlarged, flight-capable hind wings. Short elytral expose the abdomen, and in higher Aleocharinae, a quinone-based defensive tergal gland (yellow) is specified by the two abdominal Hox proteins, AbdA and AbdB, acting combinatorially in segments A6 and A7. C-E: The higher aleocharine body plan, with targetable chemical defense capacity, confers efficient protection from ants and termites, promoting facultative exploitation of colonies. Fully symbiotic species have further modified this preadaptive groundplan by: (C) reprogramming tergal gland biosynthesis to produce compounds for host behavioral manipulation;; (D) adding further novel, targetable glands in new abdominal positions for host manipulation;; (E) evolving hostmimicking body shapes, in large part by developmental remodeling of the exposed abdomen. different gland cell types, all of which feed into a reservoir, enables aleocharines to create a 1 defensive cocktail from compounds that would, in isolation, be of limited functionality. The 
11
To generate both the D1 and D2 gland types, we propose that AbdA and AbdB were 12 recruited to combinatorially induce expression of secondary transcription factors that execute 13 distinct programs of gland cell specification in A and P compartments (Fig  5H) . These putative driving expression of batteries of target genes involved in neurotransmitter synthesis, secretion
19
and reception (Hobert, 2011) . The identities of the putative biosynthetic selectors are currently 20 unknown, but we note that the invagination of the D2 reservoir is remarkably imaginal disk-like 21 (Fig 4C-E) . Appendage patterning genes may thus have been coopted for D2 development, (Fig S6C, D, F) despite inducing the expected appendage phenotypes (Fig 
26
S6A, E). Evidently at least these two transcription factors are not gland selector proteins.
27
We also note that the D2 gland cells share some properties with oenocytes-the (Stoeffler et al., 2013) . In this case a more dramatic reprogramming of the 3 underlying biosynthesis must be invoked.
4
In addition to modifying tergal gland secretions, many symbiotic aleocharine taxa have 5 evolved additional, novel glands besides the tergal gland, typically in other abdominal segments 6 (Fig 6D) (Hölldobler, 1970; ; Hölldobler, Möglich, & Maschwitz, 1981; ; Jordan, 1913; ; Kistner, 7 1979; ; 1993; ; Parker, 2016; ; Pasteels, 1968; ; 1969) 
19
the fundamental anatomical change that facilitated chemical innovation in aleocharines is the 20 exposed abdomen, which is conducive to gland evolution because it is not masked by elytra,
21
and so glands open directly onto the surface of the beetle. Consequently, the aleocharine 22 abdomen has become an important interface between the beetle and its hosts-an interface 23 shut off to most other Coleoptera which possess long elytra. This same preadaptation of short 24 elytra and abdominal exposure surely underlies the widespread remodeling in symbiont species 25 of abdominal shape, into forms that mimic host ant and termites (Fig 6C) (Kistner, 1979; ; 26 Maruyama & Parker, 2017; ; Parker, 2016; ; Seevers, 1957; ; 1965) . Like the establishment of 27 abdominal glands, evolutionary changes in the sizes and shapes of abdominal segments have 28 presumably been achieved through abdominal Hox-modulation of segment and compartment 29 growth along the anteroposterior axis (Fig  1D,  E) . Genetics, 199(3), 749-759. http://doi.org/10.1534/genetics.114.173971 32 Gutierrez, E., Wiggins, D., Fielding, B., & Gould, A. P. (2006 Sociobiology, 65(8), 1605 Sociobiology, 65(8), -1613 Sociobiology, 65(8), . http://doi.org/10.1007 Sociobiology, 65(8), /s00265-011-1171 42 Struhl, G. (1982) . Genes controlling segmental specification in the Drosophila thorax. 
24
DsRNA preparation and RNAi knockdown in Dalotia
25
DsRNA was prepared from mixed cDNA from pooled larval and adult animals, and regions of 26 300-600 bp were amplified using primers with T7 linkers. Fragments were cloned into pCR4-
27
TOPO (Thermofisher). The following primers were used: 
26
at the late larval stage. Late third instar larvae were collected from populations using an 27 aspirator, and 5-7 animals were placed on a CO 2 gas pad and mounted using a paintbrush onto 
28
DcUbx and UAS-3xHA-DmUbx were then inserted into the same chromosomal location in
29
Drosophila, at 27C2 using phiC31 integrase-mediated recombination (Bischof et al., 2007) .
31
USA), and used as adsorbent tubes. The adsorbent was fixed in the tubes with glass wool. To 23 stimulate the release of gland secretion, beetles were gently stirred with a small magnetic stick 24 on a magnetic stirrer for 20 minutes and the headspace was continuously sampled using a
25
Tuff™ pump system (Casella, Bedford, UK) with a flow rate of 80 ml/min. Simultaneous 26 collection of the surrounding air was performed to distinguish ambient contaminants.
27
Afterwards, adsorbent tubes were extracted with 50µl hexane.
28
A GCMS-QP2010 Ultra gas-chromatography mass-spectrometry system (Shimadzu, AbdA RNAi leads to segmental transformations that include loss of the A7 tergal gland shelf (arrow), and appearance of A8-like morphology in A7. C: AbdB RNAi leads to segmental transformations that include loss of the A7 tergal gland shelf (arrow), and loss of the jagged posterior margin of A8 (asterisk). D, E: FP6.87 staining (red) labels AbdA protein in nuclei of both D2 and D1 cells (arrowheads point to D1 cell nuclei). Green: autofluorescence. Note that FP6.87 antibody also recognizes Ubx protein.
1 Figure S6 . Effects of Dll and Vg knockdown in Dalotia. A-D: Knockdown of Dll causes severe truncation of the antennae (A) and legs (B), which lose their tarsi. However, the tergal gland is unaffected in these animals (C, D;; green: autofluorescence;; magenta: nuclei). E, F: Knockdown of Vg causes substantial loss of elytron and wing blade structures aside from putative proximal hinge tissue (E), but tergal gland anatomy is unaffected (F;; red: En protein, blue: phalloidin-stained muscle, green: autofluorescence).
